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(54) [Title of the invention] Inkjet printing ink, and inkjet printing method and printing device 
using it. 



(57) [Summary] 

[Objective] To provide inkjet printing ink 
which enables printing of good printed 
character quality with light resistance and 
heat resistance having good storage property 
of ink itself, and inkjet printing method and 
printing device using this. 
[Constitution] Separate type inkjet print- 
ing ink comprising ink (A) containing 
monomer that solidifies by the application of 
energy and solvent that dissolves the mono- 
mer, and ink (B) containing at least one kind 
of pigment dispersion as colorant compo- 
nent and solvent that disperses this. Inkjet 
printing method that forms images by 
forming pixels with ink (A) or ink (B) on 
printing object, then forming pixels with the 
ink (B) or the ink (A) at the same locations 



with the pixels, and solidifying the monomer 
in the ink by applying energy. Ultraviolet 
light polymerizing polymer may be used as 
the monomer. 
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(Claims) 

[Claim 1] Separate type inkjet printing ink 
that comprises ink (A) containing monomer 
that solidifies with the application of energy 
and solvent that dissolves the monomer, and 
ink (B) that contains at least one kind of 
pigment dispersion as colorant component 
and solvent that disperses this. 
[Claim 2] Inkjet printing ink that is 
described in Claim 1 , wherein said applied 
energy is ultraviolet light, electron beam or 
heat. 

[Claim 3] Inkjet printing ink that is 
described in Claim 1 , wherein viscosity of 
ink (A) and ink (B) is no more than 10 cps. 
[Claim 4] In inkjet printing method 
wherein ink droplets are expelled through 
orifices in a printing head corresponding to 
printing signal to form images on printing 
objects, inkjet printing method that is 
characterized by using the inkjet printing ink 
being described in one of Claims 1 through 
3 as the ink. 

[Claim 5] Inkjet printing method that is 
described in Claim 4, wherein the ink is 
expelled as droplets by applying heat energy 
to the ink. 

[Claim 6] In inkjet printing method that is 
described in Claim 4, wherein the printing 
object does not have ink absorbency. 
[Claim 7] In inkjet printing method that is 
described in one of Claims 4 through 6, 
wherein pixels are formed with the ink (A) 
on a printing object then pixels are formed 
with the ink (B) at the same location with 
said pixels. 

[Claim 8] In inkjet printing method that is 
described in one of Claims 4 through 6, 
wherein pixels are formed with the ink (B) 
on a printing object then pixels are formed 
with the ink (A) at the same location with 
said pixels. 

[Claim 9] In inkjet printing method that is 
described in one of Claims 4 through 8, 
wherein the ink described one of Claims 1 
through 3 is applied on a printing object then 



the monomer in the ink is solidified by 
applying energy to form images. 
[Claim 10] Inkjet printing device that is 
characterized by being equipped with a 
printing head having multiple ink expelling 
openings that flies the ink being described in 
one of Claims 1 through 3 corresponding to 
image printing signal to apply ink droplets at 
specific positions of printing object surface, 
and a means to solidify the ink droplets to 
form images. 

[Claim 11] Inkjet printing device that is 
described in Claim 10, wherein the mono- 
mer in the ink is solidified by applying 
energy to form images. 
[Detailed explanation of the invention] 
[0001] 

[Industrial application field] This inven- 
tion concerns inkjet ink, and inkjet printing 
method and printing device using it; and in 
more detail it concerns ink that is to print on 
materials that does not absorb ink such as 
plastics and metal, and printing method and 
printing device using it. 
[0002] 

[Prior technology] As the ink for inkjet 
printing method that expels liquid ink from 
head nozzles to print letters, there have been 
aqueous ink wherein dye is dissolved as 
colorant in water base solvent, and solid ink 
wherein dye is dissolved in wax base solvent 
that solidifies at room temperature and 
expels from a head to print letters while it is 
heated to melt. 

[0003] Further, as the methods for forming 
images on plastics substrate, there are such 
as Public Notice of Patent Publication 
(Kokai) Shou 63-235382, Public Notice of 
Patent Publication (Kokai) Hei 3-43292, 
Public Notice of Patent Publication Shou 60- 
27589, Public Notice of Patent Publication 
Shou 5-64667, and Public Notice of Patent 
Publication Hei 5-186725, that use ultravio- 
let light curing type resin. 
[0004] 

[Problems to be solved by this invention] 
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However, above described previous tech- 
nologies had problems as described below. 

1 . Because the aqueous ink utilizes the 
solvent permeation into paper, drying of ink 
takes a long time when plastics are used as 
the medium to be printed and it can not form 
images having abrasion resistance. Ac- 
cordingly, materials having absorbency such 
as paper is the only object to be printed. 

2. The solid ink does not choose the me- 
dium to be printed, however, printed dots 
are easily removed even with mild abrasion 
force, because it is a soft material as wax. 
[0005] 3. The ink that is a mixture of 
ultraviolet light curing resin and aqueous 
dye would not smudge when contacted with 
water again after printing, however, it is not 
possible to avoid discoloration of the dye 
due to the irradiation of ultraviolet light. 
Also, there is a problem in light resistance 
and heat resistance of the dye itself. 

4. Concerning the ink of Public Notice of 
Patent Publication Shou 60-27589, using 
sublimation dye, there is a need to heat the 
printing medium up to 120 °C to 180 °C, the 
printing medium must be heat resistant 
which restricts type of printing objects. 

5. Also with the previous ink wherein 
colorant and ultraviolet light curing type 
monomer are made into single ink, ink 
viscosity can not be made low, expelling 
property is poor, and there is a problem that 
good printing quality can not be obtained. 
[0006] 6. The ink containing ultraviolet 
light curing monomer that uses pigment as 
colorant has a problem that pigment disper- 
sion system is disturbed by the monomer 
and it is not able to design as a single ink, or 
only very unstable one can be obtained even 
if it is managed to be made. For the im- 
provement of this, above described Public 
Notice of Patent Publication Shou 5-64667 
uses thermoplastic resin as dispersing 
medium and making pigment finer and more 
stable, however, obtaining lower viscosity is 
difficult because it is a ink with pigment and 



monomer together, and staple expelling is 
hard to obtain especially, with on-demand 
type inkjet. 

7. Further, even with the ink of Public 
Notice of Patent Publication Hei 5-1 86725 
wherein storage property by dark reaction is 
improved by using ink containing monomer 
and dye and separate ink of photoinitiator, it 
has problems that it is difficult to obtain 
lower viscosity because the monomer and 
the dye are together, and light resistance and 
heat resistance are poor due to the use of 
dye. 

[0007] This invention has been accom- 
plished in order to improve these drawbacks 
of previous technologies, and the objective 
of this invention is to provide inkjet printing 
inks which do not choose printing object, 
enable good printing quality having light 
resistance and heat resistance, and have 
good storage property of the inks them- 
selves. Also, it is to provide inkjet printing 
method and printing device using these inks. 
[0008] 

[Methods to solve the problems] Namely, 
this invention is separate type inkjet printing 
ink that comprises ink (A) containing 
monomer that solidifies with the application 
of energy and solvent that dissolves the 
monomer, and ink (B) that contains at least 
one kind of pigment dispersion as colorant 
component and solvent that disperses this. 
[0009] Further, this invention is, in inkjet 
printing method wherein ink droplets are 
expelled through orifices in a printing head 
corresponding to printing signal to form 
images on printing objects, inkjet printing 
method that is characterized by using inkjet 
printing ink being described in above as the 
ink. 

[0010] Further this invention is inkjet 
printing device that is characterized by being 
equipped with a printing head having 
multiple ink expelling openings that flies the . 
ink being described in above corresponding 
to image printing signal to apply ink drop- 
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lets at specific positions of printing object 
surface, and a means to solidify the ink 
droplets to form images. 
[001 1 ] In the following, this invention is 
further described in detail The iiikjet 
printing ink of this invention is separate type 
inkjet printing ink that comprises ink (A) 
containing monomer that solidifies with the 
application of energy and solvent that 
dissolves the monomer, and ink (B) that 
contains at least one kind of pigment disper- 
sion as colorant component and solvent that 
disperses this. Also, it is characterized that 
ultraviolet light, electron beam or heat is 
used as the energy that is applied to solidify 
the monomer being contained in the ink. 
[0012] Further this invention is, in inkjet 
printing method wherein ink droplets are 
expelled through orifices in a printing head 
corresponding to printing signal to form 
images on printing objects, inkjet printing 
method that is characterized by using inkjet 
printing ink being described in above as the 
ink, and it especially expels ink as droplets 
by applying heat energy to ink which is 
effective for printing objects having no ink 
absorbency. 

[0013] Further this invention is an image 
forming method wherein pixels are formed 
with the ink (A) on a printing object then 
pixels are formed with the ink (B) at the 
same location with said pixels. Or in the 
opposite order from above described, it is an 
image forming method wherein pixels are 
formed with the ink (B) on a printing object 
then pixels are formed with the ink (A) at 
the same location with said pixels. 
[0014] Further, it is an image forming 
method which is characterized by solidify- 
ing the monomer in the ink by applying 
energy to printing object that is formed with 
said image. 

[0015] In the following, desirable form of 
this invention is explained. Ink (A) of this 
invention contains monomer which solidi- 
fies by energy application and solvent which 



dissolves said monomer. As a monomer 
which solidifies by energy application used 
in the said ink (A), acrylic monomers that 
are radical polymerizing and epoxy mono- 
mers that are suitable for cationic polymeri- 
zation system may be preferably used. 
[0016] As radical polymerizing acrylic 
monomers; 
[0017] 

[Chemical formula 1 ] 

(1) N, N-dimethyl amino ethyl methacrylate 
CH 2 =C(CH 3 )-COO-CH 2 CH 2 N (CH 3 ) 2 

(2) N, N-dimethyl amino ethyl acrylate 
CH 2 =CH-COO-CH 2 CH 2 N (Ch 3 ) 2 

(3) N, N-dimethyl amino propyl methacry- 
late 

CH 2 =C(CH 3 )-COO-CH 2 CH 2 CH 2 N (CH 3 ) 2 

(4) N, N-dimethyl amino propyl acrylate 
CH 2 =CH-COO-CH 2 CH 2 CH 2 N (CH 3 ) 2 

(5) N, N-dimethyl amino acrylamide 
CH 2 =CH-CON(CH 3 ) 2 

(6) N, N-dimethyl amino metha acrylamide 
CH 2 =C(CH 3 ) - CON(CH 3 ) 2 

(7) N, N-dimethyl aminoethyl acrylamide 
CH 2 =CH-CONHC 2 H 4 N (CH 3 ) 2 

(8) N, N-dimethyl aminoethyl methacryla- 
mide 

CH 2 =C(CH 3 ) - CONHC 2 H 4 N (CH 3 ) 2 

(9) N, N-dimethyl aminopropyl acrylamide 
CH 2 =CH-CONH-CH 3 H 6 N (CH 3 ) 2 

( 1 0) N, N-dimethyl amino propyl 
methacrylamide 

CH 2 =C(CH 3 >CONH-C 3 H 6 N (CH 3 ) 2 
and their quaternary substances are espe- 
cially preferable because of excellent dying 
property for coloring materials. 
[0018] Also, such as (metha) acrylic acid 
ester of polyhydric alcohol, (metha) acrylic 
acid ester of glicidyl ether of polyhydric 
alcohol, (metha) acrylic acid ester of poly- 
ethylene glycol, (metha) acrylic acid ester of 
ethylene oxide additive compound of 
polyhydric alcohol, reaction products of 
polybasic acid anhydride and hydroxyl 
containing (metha) acrylic acid ester which 
are publicly known ultra violet curing type 
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monomer and oligomer by themselves are 
used. Among these, materials, those which 
have high solubility and hydrophilic prop- 
erty with the ink are selected and used. 
|0019] As epoxy monomers suitable to 
cationic polymerizing system, such as 
glicidyl ether of polyhydric alcohol, glicidyl 
ester and aliphatic cyclic epoxide are used. 
[0020] In this invention, curing speed of 
the monomer tends to slow down when 
using an ultra violet radiation as curing 
energy because the pigment is used as 
coloring material. Therefore, the monomer 
of hybrid polymerization system is preferred 
for polymerization system of ultra violet 
polymerization monomer, then, monomer of 
cationic polymerization system can be 
chosen as the second candidate and mono- 
mer of free radical polymerization system, 
a:s the third choice. 

[0021] The amount of monomer contained 
in the ink (A) of this invention is normally 
desired to be within a range of 1 to 50 
weight percent. If it is less than 1 weight 
percent, curing is insufficient and becomes 
with poor solvent resistance, abrasion 
resistance and adhesion, and if it exceeds 50 
weight percent, ink viscosity increases to 
cause poor expelling property, which are not 
desirable. Further, it preferably is 3 to 40 
weight percent, and within this range there is 
an advantage that it is able to obtain ink that 
satisfies both curing property and expelling 
property by selecting the monomer, and 
more preferably it shall be 5 to 30 weight 
percent, and within this range the curing 
property is sufficient and there is no prob- 
lem in expelling property, therefore, there is 
an advantage that selection of monomer is 
expanded. 

[0022] When using ultraviolet light energy 
is used for curing of the ink (A) in this 
invention, photopolymerization initiating 
agent is used. As the photopolymerization 
initiating agent it is able to mention carbonyl 
compounds, azo compound and organic 



peroxides, for examples. In the use, one 
kind of photopolymerization initiating agent 
may be used, two or more kinds of pho- 
topolymerization initiating agent may be 
used, or photopolymerization initiating 
agent and sensitizer may be used. For the 
selection, combination and formulation ratio 
of the major photopolymerization initiating 
agents and sensitizers, they should be 
selected according to used ultraviolet light 
curing monomer and the apparatus to be 
used. 

[0023] As the photopolymerization initiat- 
ing agent, such as acetophenone, 2,2-dietoxy 
acetophenone, p-dimethyl amino acetophe- 
none, p-dimethyl amino propiophenone, 
benzophenone, 2-chloro benzophenone, 
p,p'-dichloro benzophenone, p,p'-bis diethyl 
amino benzophenone, Michler's ketone, 
benzyl, benzoin, benzoin methyl ether, 
benzoin ethyl ether, benzoin isopropyl ether, 
benzoin-n-propyl ether, benzoin isobutyl 
ether, benzoin-n-butyl ether, benzyl di- 
methyl ketal, tetra methyl thiuram monosul- 
fide, thioxanthone, 2-chloro thioxanthone, 2- 
methyl thioxanthone, azo bis isobutyroni- 
trile, benzoin peroxide, d-tert-butyl perox- 
ide, 1 -hydroxy cyclo hexyl phenyl ketone, 2- 
hy droxy-2-methy 1- 1 -phenyl- 1 -on, 1 -(4- 
isopropy Ipheny l)-2- hy droxy-methy 1 pro- 
pane- 1 -on, methyl benzoyl formate are 
listed. 

[0024] The amount of the photopolymeri- 
zation initiating agent to be used is normally 
0. 1 to 1 0 weight percent to the total amount 
of the ultra violet curing type resin. 
[0025] Also, as cationic polymerization 
type photo initiators, such as aromatic 
diazonium salt, aromatic halonium* aro- 
matic sulfonium salt, metallocene compound 
are used. As concrete examples, there are 
triphenyl sulfonium hexa fluoro phosphate, 
diphenyl iodonium hexa fluoro antimonate. 
Also, in case of cationic polymerization 
type, it is desired to heat in the range of 80 
to 170 °C, preferably in the range of 100 to 
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150 °C for the puipose of complete curing. 
Heating time changes depending on the 
condition, however it is normally 5 to 30 
minutes. 

* Translator 's note: Translation of this word is 
not confirmed 

[0026] As the sensitizer, it is able to 
mention such as; 

1 . amine group: aliphatic amine, amine and 
piperidine containing aromatic radicals, 

2. urea: allyl group, o-tolyl thio urea, 

3. sulfur compound: sodium diethyl dithio- 
phosphate and soluble salt of aromatic group 
sulfinic acid, 

4. nitrile group compounds: N, N-di- 
substituted-p-amino benzonitrile, 
[0027J 5. phosphorus compounds: tri-n- 
bultyl phosphine, sodium diethyl dithio 
phosphate, 

6. nitrogen compounds: Michler's ketone, 
N-nitTOSO (Translator's note: the original is written 
as "m'triso") hydroxyl amine derivative, 
oxazolidine compound, tetrahydro-1, 3- 
oxazine compound, condensation product of 
formaldehyde or acetaldehyde, 

7. chlorine compound: carbon tetrachloride, 
hexa chloro ethane, and 

8. polymerized amine which is a reaction 
. product of epoxy resin and amine, tri- 

ethanol amine tri-acrylate. 
[0028] In case of using electron beam as 
curing energy, photo polymerization initia- 
tor nor sensitizer which are mentioned 
above, are not especially needed. Also, as 
there is no radiation damage by the pigment, 
temperature increase is small and curing 
speed is fast, it is very effective as a curing 
method for this invention. 
[0029] Also, as the solvent which is used 
for ink (A), one which dissolves above 
mentioned monomer can be used solely or in 
mix. The examples of solvents, it is able to 
mention such as; water; alkyl alcohols of 
carbon number 1 to 4 such as methyl alco- 
hol, ethyl alcohol, n-propyl alcohol, isopro- 
pyl alcohol, n-butyl alcohol, sec-butyl 



alcohol, tert-butyl alcohol, isobutyl alcohol; 
amides of dimethyl formaldehyde and 
dimethyl acetamide; ketones or keto- 
alcohols such as acetone and diacetone 
alcohols; ethers such as tetra hydro furan 
and dioxane; polyalkylene glycol such as 
polyethylene glycol and polypropylene 
glycol; alkylene glycols of which alkylene 
radical contains 2 to 6 carbon atoms such as 
ethylene glycol, propylene glycol, butylene 
glycol, triethylene glycol, 1,2,6-hexane triol, 
thio diglycol, hexylene glycol and diethyl- 
ene glycol; lower alkyl ethers of polyhydric 
alcohol such as ethylene glycol mono- 
methyl, (or ethyl) ether, diethylene glycol 
methyl (or ethyl) ether and triethylene glycol 
monomethyl (or ethyl) ether; N-methyl-2- 
pyrrolidone; l,3-dimethyl-2- 
imidazolidinone; aromatic hydrocarbons 
such as benzene, toluene and xylene; ali- 
phatic hydrocarbons such as hexane, octane 
and heptane; propylene carbonate. 
[0030] The usage amount of above de- 
scribed solvents that dissolve the ultraviolet 
curing monomer is desired to be normally 
within a range of 50 to 99 weight percent, 
and preferably 95 to 70 weight percent to 
100 weight parts* of the ink (A). If it is 
under 50 weight parts, monomer content is 
too high in relation to cause ink viscosity 
higher that makes expelling property poor, 
and if it exceeds 99 percent, the amount of 
monomer is less to cause poor curing 
property, which are not desirable. 
Translator 's note: This 'parts " shall be a 
mistake of "percent ". 
[0031] The ink (B) of this invention 
contains at least one kind of pigment disper- 
sion as the colorant component and solvent 
that disperses this. 

[0032] Regular pigment ink can be used for 
the ink (B). As pigment, all the publicly and 
traditionally known organic pigment and 
inorganic pigment can be used. For exam- 
ple; azo pigments such as azo lake, insoluble 
azo pigment, condensed azo pigment and 
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chelate azo dye; polycyclic pigments such as 
phthalocyanine pigment, perylene and 
perylene pigment, anthraquinone pigment, 
quinacridone pigment, dioxadine pigment, 
thioindigo pigment, isoindolinone pigment, 
quinophthalone pigment; lake dyes such as 
basic dye type lake and acidic dye type lake; 
organic pigments such as nitro pigment, 
nitroso pigment, aniline black, daylight 
fluorescent pigment; inorganic pigment such 
as titanium oxide, iron oxide group and 
carbon black group, are listed. 
[0033] The content amount of pigment that 
is contained in the ink (B) of this invention 
is desired to be normally within a range of 1 
to 50 weight percent to total amount of ink 
along with the later described dispersing 
resin. If it is less than 1 weight percent, 
printing density is low, and if it exceeds 50 
weight percent, ink viscosity increases and 
expelling property becomes poor and 
dispersion stability of pigment becomes 
poor, which are not desirable. Further, it 
preferably is 2 to 20 weight percent, and 
more preferably it is 3 to 20 weight percent, 
and within this range, there is an advantage 
that printing density is high, and there is no 
problem in expelling property and pigment 
dispersing property. 

[0034] The resin which is added in order to 
disperse pigment (dispersing resin) is 
desired to be soluble in the aqueous solution 
dissolved with amine or base, its weight 
average molecular weight is preferred to be 
within the range of 3000 to 30000. Fur- 
thermore, more preferably, it should be 
within the range of 5000 to 15000; and it is 
able to use such as styrene-acrylic acid 
copolymer, styrene-acrylic acid-acrylic acid 
alkyl ester copolymer, styrene-maleic acid 
copolymer, styrene-maleic acid-acrylic acid 
alkyl ester copolymer, styrene-methacrylic 
acid copolymer, styrene-methacrylic acid- 
acrylic acid alkyl ester copolymer, styrene- 
methacrylic acid-half ester copolymer, vinyl 
naphthalene, acrylic acid copolymer, vinyl 



naphthalene-acrylic acid copolymer, vinyl 
naphthalene-maleic acid copolymer, styrene- 
anhydrous maleic acid-maleic acid half ester 
copolymer or their salts. 
[0035] With these dispersing resins, it 
becomes possible to disperse pigment and 
make into pigment dispersion. The dis- 
persing resin that is contained in the pigment 
dispersion is desired to be normally 5 to 50 
weight percent and preferably 10 to 30 
weight percent. 

[0036] For the solvent that disperses these, 
it is able to use various solvents that are 
mentioned for the ink (A). Usage amount of 
solvent is desired to be within a rage of 
normally 50 to 99 weight parts and prefera- 
bly 80 to 97 weight parts to 100 weight parts 
of the ink (B). If it is less than 50 weight 
parts, relative containing amount of pigment 
and dispersion resin is high to increase ink 
viscosity which causes poor expelling 
property and poor dispersing property, and if 
it exceeds 99 weight parts, pigment density 
is low which prevents from high printing 
density, which are not desirable. 
[0037] The ink (A) and (B) of this inven- 
tion can be added with such as surfactant, 
bubble eliminator and antiseptics in addition 
to the above mentioned ingredients as 
needed, in order to give desired property to 
the ink. 

[0038] For examples as surfactants, there 
are anion type surfactants such as fatty acid 
salts, higher alcohol sulfates, liquid fat oil 
sulfates, alkyl sulfonates, and non-ion type 
surfactants such as polyoxy-ethylene-alkyl 
ethers, polyoxy-ethylene-alkyl esters and 
polyoxy-ethylene-sorbitan-alkyl esters; and 
one kind or two or more kinds of these may 
be appropriately selected for the use. Their 
usage amount depends on dispersing agents, 
however, 0.01 to 5 weight percent to total 
amount of ink is desired. 
[0039] In this case, it is desired to deter- 
mine added amount of surfactant so that ink 
surface tension is 30 dyne/cm or more. 
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Because if the surface tension of ink shows 
less value than this, it causes undesirable 
situations such as printing irregularities due 
to wetting of nozzle tips (variation of ink 
landing spots) in the printing system of this 
invention. 

[0040] For the preparation method of 
pigment dispersion of this invention, desired 
dispersion is obtained by first adding 
pigment to water solution that contains at 
least dispersing resin, amine and water, 
mixing, then applying dispersing treatment 
using the later described disperser, and by 
applying centrifuge if necessary. 
[0041] Further, it is necessary to apply pre- 
mixing for 30 minutes or longer before 
applying dispersing treatment to the water 
solution containing the pigment. This pre- 
mixing operation is for improving the 
property of wetting of pigment surface and 
promotes adsorption to pigment surface. 
[0042] As amines added to the dispersed 
solution, organic amines such as monoetha- 
nol amine, diethanol amine, triethanol 
amine, amino methyl propanol and ammonia 
are desired. 

[0043] On the other hand, the disperser 
used in this invention can be any disperser if 
it is generally used disperser and such as ball 
mill, roll mill and sand mill are listed. 
Among all, high speed type sand mill is 
desired, for example, there are Super Mill, 
Sand Grinder, Bead Mill, Agitator Mill, 
Grain Mill, Daino mill, Pearl Mill and 
Kobol Mill (these are all brand names). 
[0044] As the method for obtaining pig- 
ment having desired particle size distribu- 
tion in this invention, used methods are such 
as making the size of grinding media of 
disperser smaller, increasing the loading of 
grinding media, increasing the processing 
time, reducing the output rate, classifying 
after grinding using a filter or centrifuge, 
and these methods may be used in combina- 
tion. 

[0045] Viscosity of the ink (A) and the ink 



(B) that are used for the inkjet printing inks 
of this invention is desired to be 10 cpsor 
less, and preferably 2 to 6 cps. If it exceeds 
10 cps, expelling property is poor which is 
not desirable. 

[0046] The inkjet printing method using the 
ink of this invention is an inkjet printing 
method that forms printing images in 
printing objects having no ink absorbing 
property by applying at least one or more 
color of ink from a printing head having 
multiple ink expelling openings, and after 
forming pixels on the printing object with 
said ink (A) it forms pixels at the same 
location with the ink (B). Or, in reverse to 
this, pixels are formed with the ink (B) first 
then pixels are formed with the ink (A) on 
the same spots. 

[0047] When the ink (B) is multi-color and 
not one kind, pixel forming of the ink (A) 
may be done either before or after the pixel 
formation of the ink (B) for several colors, 
or it may be done for both. Timing of pixel 
formation of the ink (A) (before or after the 
pixel of the ink (B)) is not especially spe- 
cific in this invention. 

[0048] Then, the timing of applying energy 
that solidifies the monomer in the ink (A) 
may be freely selected if it is after forming 
pixels of the ink (A). However, there is a 
need to always solidify the monomer by 
applying energy after forming pixels of the 
last ink (A). Further, for the elimination of 
solvent in the ink (A) and ink (B), namely 
drying, it is desirable that almost all solvent 
has been removed when the energy is 
applied. However, in the purpose of reduc- 
tion of process time, solidification of 
monomer may be done in a condition that 
removal of solvent is incomplete and drying 
maybe done afterwards. In any cases, 
retention of solvent in final product with 
formed image is not desirable because it is 
not able to obtain products with good image 
property. 

[0049] On the other hand, the inkjet 
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printing device of this invention that is able 
to be used for the inkjet printing method is a 
inkjet printing device that forms printing 
images on printing objects having no ink 
absorbency by applying ink (A) and at least 
one color or more of ink (B) from a printing 
head that is equipped with multiple ink 
expelling openings; and it is equipped with; 

a) a means to apply cleaning treatment to 
the surface of said printing object, 

b) a printing head that is equipped with 
multiple ink expelling openings that apply 
ink droplets to specific locations of surface 
of said printing object by flying ink droplets 
corresponding to image printing signal, and 

c) a means to solidify above described ink 
droplets for forming images. 

[0050] In the inkjet printing device con- 
cerning this invention, the means of a) may 
be omitted depending on the printing object. 
Also, UV/0 3 cleaning may be mentioned as 
the technique. 

[0051] In the means c) for solidifying the 
ink droplets, it is able to mention such as 
UV irradiation lamp, EB (electron beam) 
and heat. Because there is a possibility of 
warping of printing objects by generation of 
heat with the UV irradiation lamp, it is 
desirable to equip with a cooling mechanism 
such as cold mirror, cold filter or cooling of 
the object, for example. 
[0052] In the following, an explanation is 
made on one example of printing device that 
is able to be used for the inkjet printing 
method of above described this invention. 
Figure 1 is an outline drawing showing an 
example of inkjet printer of this invention. 
[0053] Figure 2 is a schematic outline 
drawing showing the entire part of an 
example of inkjet printer of this invention. 
In Figure 2, 710 is a printing head which is a 
360 bpi, 64 nozzles inkjet printing head. 
Further, there are 5 heads are provided for 
the ink (A) and 4 colors Y (yellow), M 
(magenta), C (cyan) and Bk (black) of the 
ink (B), which are set to be able to print full 



color images with a single scan. 701 is a 
printing object. Multiple printing objects 
701 are set in a stacker 71 , and they are sent 
to a belt conveyer with a transporter 712, 
and fed to a printing tray 7 1 5. 7 1 4 is an 
auxiliary roller for feeding. 
[0054] The printing object 701 that has 
been sent to the printing tray 71 5 is firmly 
vacuumed and secured on the tray by the 
vacuum with the pump 716. The printing 
object 701 on the printing tray 71 5 is sent to 
a region where the first treatment process is 
applied. 704 are UV/O3 lamps. If surface 
wetting property is low depend on the 
printing object, this surface treatment is 
applied to improve ink wetting property and 
adhesion. This treatment process may be 
skipped. 

[0055] When the printing object is taken 
out from the first process region with a feed 
motor 717, inkjet printing is immediately 
done with a printing head 710. For this 
inkjet printing which is the second process, 
various inkjet printing methods may be used 
such as piezoelectric method and electro- 
static method, however, bubble jet method 
that is able to conduct high stable speed 
printing is desirable. 

[0056] Further, as the printing method, 2- 
pass method or 4-pass method is adopted if 
smearing happens in 1 -pass printing. The 
printing object that is printed with images is 
immediately transferred to the region where 
the curing process is applied which is the 
third process. Where, 705 are UV irradia- 
tion lamps. 

[0057] Because there is a possibility of 
causing deformation of the printing object 
due to generation of heat by the irradiation 
with the UV lamp, there is a need of heat 
.protection mechanism such as cold mirror, 
cold filter, air cooling of object (above are 
not shown in the drawing). 
[0058] The printing object passing through 
above 3 treatment process (printing object " 
having printed images) is transported with 
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the belt conveyor 702 and feed roller 721 to 
the stacker 719 and stored in a specific 
position with a handler 718. 
[0059] The printing object 701 is a plate 
shape object in the example that is shown in 
the drawing, however, the tray that transport 
it is appropriately adjusted to be able to 
accommodate with the shape of printing 
object. For example, it is able to accommo- 
date with disk shape printing objects 701 by 
using a spacer 81 1 as shown in Figure 4. 
Further, this device is desired to have a 
means to adjust distance between the 
printing head and image forming surface of 
the printing object corresponding to the 
thickness of printing object. 
[0060] Further for the promotion of heat 
curing in the first process or third process, 
pre-heating the printing object before each 
process by providing supplementary heating 
means such as a heater to a tray, for exam- 
ple, enables effective processing by in- 
creasing heating efficiency for even large 
printing objects having relatively large heat 
capacity. 

[0061] Further, in case that problems occur 
such as generation of white lines in printed 
images or dislocation of printing size, due to 
the generation of dimensional change due to 
thermal expansion when applying heating 
treatment to the printing object that causes 
dislocation in width direction or feeding 
direction of printing, it is desired to use a 
system that is able to adjust the printing 
object to be set at correct position, by 
detecting surface temperature of the image 
forming surface of the printing object 901 
with a temperature sensor 902, amplifying 
with an amplifier (Amp), digitize this with 
an A/D converter (A/D),then comparing it 
with preset value with a comparator, and 
sending signals to the printing head 910 and 
the motor 903 with the optimum delay 
signal relative to the clock signal, as shown 
in Figure 5 for example. 
[0062] Further, in order to transport the 



printing object in high precision, it is also 
able to mark a register on a region of the 
printing object where printing is not applied 
with etching or pressing, read its position 
with appropriate reading means to con- 
stantly monitor the position of printing 
object, and control the transportation means, 
to conduct more precise transportation. 
Also, if there is such as warping in the 
printing object, it is effective to add a 
mechanism that corrects the warp to such as 
rollers in order to correct such as warps. If 
above described resister would ruin the 
value of product, it may be removed by a 
means such as shearing press after printing. 
[0063] Figure 3 is a schematic outline 
drawing showing entire system of another 
example of inkjet printer. In the drawing, 
730 is a printing head which is a type that is 
applied with ink (A) for each color of ink 
(B), and for example, it is a inkjet printing 
head of 360 dpi, 64x2 seg. 730Y, 730M, 
730C and 730B are the heads that print each 
of Y (yellow), M (magenta), C (cyan) and B 
(black) and ink (A). After printing yellow 
ink and ink (A) with the 730Y, UV irradia- 
tion is applied with the UV lamp of 705 so 
that irradiation of UV for at least ink surface 
is cured is done. 

[0064] In order to do the printing of next 
color, the printing object 701 on the trans- 
portation tray 715 is transported with a feed 
motor of 717 to the next inkjet printing head 
of730M. After printing, ink surface is 
cured with the UV lamp 705. It is repeated 
with 730C and 730B to form a full color 
image. Other explanation in detail is the 
same as the explanation of Figure 2. 
[0065] Although the UV irradiation is 
applied after one color or four color printing 
in Figure 2 and Figure 3, UV may be 
irradiated every pass by mounting a spot UV 
lamp at the side of the ink cartridge (not 
shown in drawing). 
[0066] 

[Embodiment example] Following is the 
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detailed explanation of this invention by 
referring to the embodiment examples. 
[0067j Embodiment example 1 
The ink of the following composition 
(weight ratio) is formed. Four pigments are 
used and four kinds of ink (B) are formed. 
[0068] Ink f 

Aciylic monomer (*1) 10% 
Water 60 % 

Isopropyl alcohol 30 % 

[0069] (Note) 

*1 : A-TMPT-3EO (Shin Nakamura Kagaku 
Co. made, brand name) 
Etoxy trimethyrol-propane-triacrylate 
[0070] Ink (B) 

Aqueous pigment dispersion (*2) 80 % 
(pigment/water soluble resin/water) 
surfactant (*3) 10% 
N-methyl pyrrolidone 5 % 

Isopropyl alcohol 5 % 

[0071] (Note) 

*2 : Cyan (name of pigment: C.I. Pigment 
Blue 15:3) 

Magenta (name of pigment; C.L Pigment 
Red 122) 

Yellow (name of pigment: C.L Pigment 
Yellow 74) 

Black (name of pigment: carbon black) 
Water soluble resin: styrene-acrylic acid 
copolymer weight average molecular 
weight 7000 

Pigment/water soluble resin/water= 10/3/63 
(weight ratio) 

*3 : Inogen ET-150E 10% aq. (Daiichi 
Kogyo Seiyaku Co., Ltd. made, brand name) 
[0072] The viscosity of these ink (A) and 
(B) were 3 to 5 cps. By using these inks, 
printing was done on vinyl chloride, acrylic 
(substance) and polycarbonate. The pixel 
formation of the ink was performed by 
overprinting in the order of yellow ink, cyan 
ink, magenta ink and black ink of ink (B) 
followed by ink (A), and after this, it was 
dried at 60 °C for 5 minutes and applied 
with electron beam. The irradiation was 
6 mA of current and the intensity was 



3 Mrad with line speed of 10 m/min. 
[0073] Printing quality was good and the 
surface of the printed substance was not 
sticky and cured completely. Also, although 
it was soaked in water, 1 % aqueous solution 
of caustic soda, 1 % aqueous solution of 
hydrochloric acid and xylene, no peeling 
was noticed. Also, it did not peel by rub- 
bing and resistant property to solvent was 
good and abrasion resistance and adhesion 
was good. 

[0074] Embodiment example 2 
The same inks used in Embodiment example 
1 were used and pixels were formed by the 
same printing order. However, after the four 
colors of inks were printed, it was dried at 
60 °C for 2 minutes and printed by using the 
ink (A) and it was dried at the same condi- 
tion and electron beam was irradiated with 
the same condition with the Embodiment 
example 1 . 

[0075] Obtained prints were completely 
cured as in Embodiment example 1 and the 
printing quality was good, it was soaked in 
water, 1 % aqueous solution of caustic soda, 
1 % aqueous solution of hydrochloric acid 
and xylene but no peeling was observed and 
it did not peel by rubbing. 
[0076] Embodiment example 3 
The same ink used in Embodiment example 
1 was used and the pixels were formed by 
the following order. 

Ink (B) (yellow)— Ink (A)— Ink (B) (ma- 
genta)— Ink (A)— Ink (B) (cyan)— Ink 
(A)— Ink (B) (black) —Ink (A) 
[0077] After the pixel of each ink (A) was 
formed, hot air drying was done for 30 
seconds. The obtained material was irradi- 
ated with electron beam with the same 
condition as Embodiment example 1 . 
Printing quality was good and the pixel was 
cured completely and there was no peeling 
when the same test as in Embodiment 
example 1 was performed and good adhe- 
sion was obtained. 
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[0078] Embodiment example 4 
100 weight parts ink (A) of Embodiment 
example 1 was added with 3 weight parts 
photo initiator (IRGACURE2959, made by 
Ciba Geigy Co.) and made into ink (A) 5 this 
ink (A) was used and pixels were formed as 
in Embodiment example 1 and dried as in 
example 1 and irradiated with ultraviolet 
light. The amount of radiation was 10 J/cm 2 
and the image were completely cured. 
Printing quality was good and no problem 
was seen in solvent resistance and the 
abrasion resistance. 
[0079] Embodiment example 5 
Ink (A) of Embodiment example 4 was used 
and pixels were formed with the same 
method of Embodiment example 2 and dried 
with the same condition and applied with 
ultra violet radiation with the same condition 
with Embodiment example 4. Printing 
quality was good and no problem was seen 
in solvent resistance and abrasion resistance. 
[0080] Embodiment example 6 
Ink (A) of Embodiment example 4 was used 
and pixels were formed with the same 
method of Embodiment example 3 and dried 
with the same condition and applied with 
ultra violet radiation with the same condition 
with Embodiment example 4. Printing 
quality was good and no problem was seen 
in solvent resistance and abrasion resistance. 
[0081] Following composition was used as 
ink (A) and image was formed and cured by 
the same method with Embodiment example 
3. The image was completely cured and 
there was no problem in solvent resistance 
and abrasion resistance. 
[0082] Ink (A) 

Acrylic monomer 1 0 % 

(NK ester A-200, made by 
Shin Nakamura Kagaku Co., 
brand name) 

Water 60% 
Isopropyl alcohol 30 % 

[0083] Embodiment example 8 
100 weight parts ink (A) of Embodiment 



example 7 was added with 3 weight parts 
photo initiator (IRGACURE2959, made by 
Ciba Geigy Co.) and made into ink (A), this 
was used and printing and curing were done 
as in Embodiment example 6 and formed 
image was obtained. Printing quality was 
good and no problem was seen in solvent 
resistance and the abrasion resistance. 
[0084] Control 1 

An attempt was made to make ultraviolet 
light curing type ink by mixing the same 
amount of the ink (A) and the ink (B) of 
Embodiment examples 1 and Embodiment 
example 3, however, gelation occurred 
immediately at the mixing and production of 
ink was not possible, therefore the attempt 
was discontinued. 
[0085] Control 2 

Ultraviolet light curing type ink was made 
by mixing the same amount of the ink (A) 
and the ink (B) of Embodiment Example 7 
and Embodiment example 8. It was able to 
form images with this ink without problems, 
however, the ink gelated after one week in 
room temperature, and it was a ink with very 
poor storage property. Further, the inks (A) 
and (B) which were used in Embodiment 
examples 1 through 8 were not observed 
with viscosity increase after 2 months in 
room temperature and there was no genera- 
tion of problems in forming images. 
[0086] 

[Effect of the invention] As described 
above, following effects have been con- 
firmed with the inkjet printing ink and the 
inkjet printing mechanism, especially bubble 
jet printing method and printing device of 
this invention. 

[0087] ( 1 ) It enables forming of images on 
printing objects having no ink absorbency. 

(2) It is able to obtain prints that is very 
good in water resistance and light resistance. 

(3) Because it is able to use monomers that 
may disturb dispersing of pigment, selection 
of monomer is expanded and freedom in ink 
design is expanded. 
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(4) Because solid in ink may be reduced, ink 
viscosity does not get high and it is able to 
design ink with good expelling property. 

(5) It is able to obtain ink with good ink 
storage property. 

[Brief explanation of drawings] 
[Figure 1] This is an outline drawing 
showing an example of inkjet printer of this 
invention. 

[Figure 2] This is a schematic outline 
drawing showing the major part of an 
example of inkjet printer of this invention. 
[Figure 3] This is a schematic outline 
drawing showing another example of inkjet 
printer of this invention. 
[Figure 4] This is an explanation drawing 
showing an example of tray construction to 
be used for inkjet printer of this invention. 
[Figure 5] This is a drawing showing an 
example of position correction system 
corresponding to temperature of image 
forming surface of printing object, when 
registering positions of printing object and 
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printing head, in the ink jet printer of this 
invention. 

[Explanation of numbers] 

701 printing object 

702 region where the first process is 
applied 

703 region where the third process is 
applied 

704 UV/0 3 irradiation lamp 

705 UV radiation lamp 

711.719 stacker 
712 transporter 
718 handler 

713.720 belt conveyer 

714 auxiliary roller 
721 feed roller 

715 printing tray 

716 pump 
717,903 feed motor 
710,910 printing head 
730Y, 730M, 730C, 730B 
811 spacer 

902 temperature sensor 
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[Figure 1J 



[Figure 4] 
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40 (10) N, H-P* l f-)V7S./'7u\£)V*9!?*))V7 
5 F 

CHj =C (CHj ) -CONH-Cj He N (CH 
j ) j 

xxk rn^©4iRfl:snfcfi»H. ft£#fitt&*tte 

[0 0 18] *&. *«7A3-Affl (X^) Tar'JA- 
SxXf;k *«7;Pa-A©^U i'^H-fJUD 

(X^) 7f 'JAKXXxA, #UX^l/>jfij3-* 
© (X*') 7* UAKXXT-A. #«7JP3-A©X5 : - 
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*. £&&mmAi®it7k&&tt (^^> 7^u;i/Kx 

[0019] *^*>a*^x?z,fca*r*x#*j/ 

^ V-StbTtt. #HSi7*3— *©yijs,$;jpx- 

**. 4f>J->->-*xxx*. JgJHf»ig«©x#+->K* 

[0 0 2 0] *««fc*t»T, ft*fiUT»»tffl^* . 

*« (UV) E^y7-CDl^>XTAtl,T, A-f 
^•Jy K2^->^'xA©*yv-*ta^K, ^ V)T> 

=Ey ^-SJBtajt txTH < 0**3* L H. 
[0 0 2 1] **Wt*»«-f>^ (A) fc**8ft* 
*y ®#1~5 0SltX©tt»Pfl£ 

<fct>. *&. #£L<tt3~4 0Sfive&0, £© 
£L<tt5~30 D . d ©*SfflT?«gfcfttt 

*»t?*o. ttffittt>ra®*%^©-p^yT-©a^tt 

[0 0 2 2] *»Wfc*WT-f>^.(A) emfcfcffi* 

3es-&iBj6jWt«aaB©a^, t&st>it&im&it\zm 
to o 2 3] xmmmitzis.txDkLT. 

7-feh7x/>, 2, 2— ;?Xh*->7-feh7x/>. 

»/7x/>. p, p' -^DD^>'/7iy>, p 
h>, *>»/-f>, "<>y-f>*:F*x-r 

*x-y*. ^>y<>-n-7-Dhr;px-x;k ^> 

l/< W V »*x-**. ^>yy >_ n _ 
-**, *->9*i>**Mr9-^ 7b9**JI&9 
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e r t -t/^/t-zt+tH* K. 
^^7!=;^h>, 2-tKD+.>-2-^ fJ |, 
-^-7x=;p-i-tx 1- U—ryyntr*? 
x_*) - 2-t KD+->- 2 -^^yp/'?>-i- 
*>. ***<OyVf *7*-*-MRW»JStt*. 
[0 0 2 4] ^©^fi^DSJ&SiJWffifflStt, 

mmmssiom&itMLTo. i-~iom&%-?$,z. 

[0 0 2 5] X***>a#SlTtt, %wmp7^v 

» 'a*>ftttN^MM0tm>&n«. -e©A«fl 
t l/TIl h U 7i^X*7*Za7A^D-7WD 
7 *^ 7l -K y7ir;|/3-Hza9A'\^7;i/ 

£©«£. ®fl2*Mic^±[c-rsfc«&tc8 o~i 7 or 
©flSHT, ft»;:3$ l < it i o o ~ i 5 o "Cnmtsrta 

ji^5~3 ofttysm&z. 

[0 0 2 6] flWBWfcUTtt. 

1- 7S>JiS:|gflfcfc7S>. *«Wlft^U73>. 

2. K3§:7'J*&, o-MJ *?:*«# 

3. 'f**fc**:*hy*A5>X^$?y**a 7x 

-K £#&x*:7-r ^©Pjjg&sg, 

4. =h>JiMM:«4b: N, N-^B^-p-75//^ 
>yxHJ* 

[00 2 7J 5. U>fc*ft: MJ-n-7>**X7 

6. S^ft:^®: 3h7— trb>, N-xHJytKo 
*->*75>RSfc, t+*';>Jv>(t^i, 7^7fc 
H D - 1 , 3 - *-*tfS»fca*. **A7**fc H * 
fctt7-fe K7**h Ht^75 >©«8^ 

7. £38ft;S* : BB^fl^5j{. ^nni^> 

8 . X#* ->»Jg 1 7 5 XORfcSifo&iomftTfcj 5 
>, ^'Jx^y-;l,73>f.ij7^ij u _ h ^ ;i j, <i ^^ 

[0 0 2 8] «fcX*;P*-£LT*H|«fl!K*«a 

coo2 9] s&. ^r >;7 ( A ) icffl^asjatbT 

tt> -t8B^/T-*g^-r5t>©S^ffii&<bi,j|ijg^-t. 
ffifflT^S. ^©^ttxtt. *?)\,7)VU- 
;K x^7;U3-;k n-yDtr;u7jm-;k -fy 
7u K)\,7frn-)W n-7?-)V7)lu-)U s e c - 
7**7*3-*, t e r t -7**7*3-* <y 
-7^*7*n-;^®^igs: i ~ 4 ®7*+*7 *a 
-*£ ; ^^****A7S H. 5>>t**7-fe h75 K 
»07SK»;7-th>, '77-feh>7*3-;Hg®^- 
H>Xtt*-h7*a-;HB:*h5tHD7?>, s^- 
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m ; x^u->^>jn-;k ^nbfk^U^-Jk ^ 
U>yun-;k HJx^kvif'Jn-Jk l. 2, 6 
-^■y^HJ^-Jk ^^^'Jn-;k ^*->P> 

2~6®©m^JS?£#tr7>'k+^>i";3-;^; f 

JW x-^;k yifl^^i'Un-jMfJl' (Xtix? 

\1X9-M x-v-)V^<H§rm7)V^-)VOWSi7)^)V 
x-y-Jim; H>; 1. 3-5? 

*ykv?«DffS«**i;A+D->, 

[0030] ±tB©^«a^ : Ey7-$^»-r5^j 
<o&mm\t^>^ (a) i o oafiwc^LTa^s o 

~9 9 8fi%. ifSKIi9 5-7 oatt%©«6ffl#S 

slk 5 oasaB^Tttfflwwict/v— ^a*t# a? 
< * o-r^-r >^tt^±#Lttjtitta*iK & o, 9 9 

©-cs&ix&k, 

[0 0 3 1] ^SHICSttS-O* (B) ti, 

[0 0 3 2] -f yi7 (B) lCttM^©IMsj-f>^Sffiffl 
S^-r^TfiEffli-S^t^aiJlE-S. 'fll*.**. 771/- 

&%o>7vm.n^ 7?n->7=>ifl, ^uk>Rtf 

ttffi>fcgS&fr£©#8Sgg*4. Sgfc?*>, SSfc&Sifttf 

[oo3 3] n-mio-tya (b) K^snssro© 
HGmmmrzttmmt-sizT, ±^>>7m\ztti, 40 

T. iiSl~5 0SS%©«SIB^MSL^. lg»%* 
SSt?ttHI8iJ«S*^fc©t?S:0. 5 oa«5«£i68*.3 

#iK£££t>ffi<fe5©Tff*L<fc^. »*L 
<«2~3 OSSXTfeD. 3Sfc:$?£L<tt3~2 0 

[0 0 3 4] Slft£#St2l*S&IC1^f£ns8fJg (# 
ftSfli) ti7S>&tt&&£8#SttfczkSiKf::pJig 
T, a^afiWimBtf 3000-30000 ©«!H 50 
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1)W£h\,\ MIC. #£1X125 0 0 0-1 5 00 0© 
(SfflT*-5fc©Ai<k<. flJAtf, X^k>-727'J;H8 
#a&#. k >- 7 ? U Jl^K- 7i"J JUS7 ;i^k 

ixrMi^ft, x5 i u->--7u-r>K*a^#. x 

f k>-Vl/-f >$£-7i7'J JUK7;P*Jl/XX7-;k*a 

x^i^-^^u^ss^a^ft. x^k>-^< 

* £ U - 7 * >j ;ng 7 ;k£jkx 7. 5=- Jk^a^*. X 
fk>-vH >KA-7xx^Jk*a^#. t*x;k+ 

>SA-7xx^;k^a^*5vMi, ens©**?* 

[0 0 3 5] cne»^ISglr«fc0®fif4^t-5^ 

SHftttlitt, ffii(sHc»bTji^5~5 0aa«. Sf*L 
< tt 1 0 - 3 o m&% ©ttBrtiS* U 

[0036] znzzftm-zmmtLTte. tc\zi> 

# (a) -r*jffca*©s»jj6fipjffl-e#s. mm<omm 
m$-i>7 (b) i o oaagBtctti/r, a«5 0~9 

9 aSfflv »SL<tt 80-97 afig8©«!B8AtM* L 
l». 5 08fieB*iirmffl#Wi;:ffiraRtf#»ttJig©^ 

*/tsm©#jRttt>iK&>3. 9 $mmm*i&7Lztm 

[0 0 3 7] X*^©-f>^ (A) Rt/ (B) fctt, 

0fM©«bttfii£^-rs'f>^fr5it«>ir. ±ie^»© 

[0 0 3 8] 0iJA«. ^ffifittSHtbTtt. HKKlg 

m»7)vzi-)vmmxx^)mm, mt^mmmm^. 
ixfMS. 7;Wk7UJVx;k^>KffiS^©^-f 
^•>^ffi»ftJW. >}?u^*->x5 1 k>7;u*;kx— 

j}?U^*i/X^k>7Jl'*;i/XX^S. 5pu^-+ 

>'X5 i k>v^tf^>7;i'+;kxx^;^^©*'f*> 
tt^sfi§<4so^*o, cne©iaxtt2a«±&iai[ 

«kt)S^-5*t, 4>>?±1t\ZttLT0. 0 1~5aft96 

[0 039] C©1». -f>fOM*li30dyne 
/ c mK±l'**<fc , 5 lc#ffiStt»J©^Jraft*^-r5 

ctwsov*. *-«r^&. -f >^©Sffi3S*^c:n«fc 

ViTtt. yX;U^©jffitU*«t-5Bl^«fcn (-f>^JS© 
3if#^©Xk) g©jf£L<ft^TO8£3litiS;r-r*>6 

[0 0 4 0] *%M©|g^aft:©IS§i^tLTtt, 
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C. ^1^2*-»yS3 0»WK±fT5ca:fcX*B-C 
-5. 

[0 0 4 2] ^BBlCBlnSnaTSVB&bTtt, * 
75/*3ML-:/nAy-Jk 7>*X7§= 
[0 0 4 3] 4ttH£teJl-rS#flMtt. -jRfc 

sns. Kaffl©*>Hs;ww*b<. 
[0044] *»wic*ht, 0fa©ea^«wrs 

X£/Jx^<fSJ:t. tW;<xw7®3&»£*#<-f 

[0045] **w©-f >9V3lv vfmm^>9\zm 

*&tl&<i>9 (A) *±tf-f>jr ( B ) ©ftSttlO 
cps&T. !?Sl<li2~6cpsT(65Ct*ilS 
bK 1 0 c p s&tt*5&ttiHtt#Sl,<S<&:l>ff 

Juan. 

[0 04 6] SfiJJB Lfc-f i?x y K 

H££j§^Lfc&. -f>^ (b) ?ffim®mtm—$4 

>MCB**JWW*. &3WJj5*fc-f>£ (B) TBS 
»«Bl«Ufc&. R-^ >Mz<f>jr (A) 
BriM"*. 

[0 0 4 7] -i (B) *S#fiT?lffPanS&lt 
(A) ©H^JEStt. -f>£ (B) ©fflfi^O 

H*^©ffir^s^af66»5^tt-e©p5^ffft 0 Tt) 
«fct>. *»MicfcnT'f >^ (a) vmnimm-z* 

^S.>if (B) ©BJKOttjMfcSO ttftlcfMi® 

[0 0 4 8] JfclC, (A) t©€/Y-S@ftt 

(A) ©lisS^^^Lfca-ea&nH^tJTfcasicSJ? 
&£U g^©'f>i7 (A) ©Ujfl^figbfc 
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£. i/c-f>i7 (A) St;-f>J (B) ^CDigftJCD® 

«e^:^^^©s^^J*t|!§5^st^T^l5¥^^fSL^». 

bffiBBB©£&©S^6£B©B£€5££frftfc 

SU**SoT^-5>©ttliffetitt©SnfccD^j§5tl^^© 
10 [0 04 9] — 2f, #5£0J!©.-f i? x », MBS^ffitc 

H*>e.-f>* (A) Rtf'>ft<i:t>l&£U:<!!H>/7 
(B) fcf**LTC»B«fc»j«T*'f>*yxy hHS 

b) ■ftEftABlaSCT'r effigy, t9!2tt 

20 c) B9iaH»Jgfie©'i'>^iSS@{bS-ttS^t£fl r tii 

[0 0 5 0] *B«fcB«-f >^s; X y |>E»S«»c* 
^T, a) (O^mt. ftiHStJICt^T^BUTt,^* 

[0 0 5 1] c) <D-i>i;ns(D&{k&m\zis\,*Tlt, u 

vBaw7>^, eb . mitamvztis. 

[0 0 5 2] ±!2©*^K©'f>^v-xy hie® 

^Fj£»Cffll-^SiS®^g©-WtOlr»TlttM'r*. HI 

»4. *»w©i'>^ *x* hfeesg©-taj£jR-r«BS 

WT*<5. 

[ 0 0 5 3 ] 0 2 tt, -f y htt&m&±#%* 

•r«SW«f«HTabS. H2«f, 7 1 OUGiAyH 
T. 3 6 0dpi 6 4/X;Pffl'f>^v?x«^ ^12®^ 
yKTifca. Elc, -r>i? (a) ( B ) 
40 X, Y WID-) , M (Vt>^) , c {i/7» 

Sti, -^3SET7;i/*7-©®«SE®Tir5«l:5ir-fe 

y hStlTti<5. 7 0 1 tt«g2B«T»S. ^ h yii- 
7 1 1 fc&8ctt©S£i3®#7 0 l!jt-b.y h^tlT^O. 

7 1 2 lc«fc 0 n >^<7-lci@l Bl^ffl 
bU-7 1 5Kii0ffi$n5. 7 1 4tt. j@|0©&6© 

[0 0 5 4] W^fflM— 7 1 5ICi3|&tlfcteiee^7 
0 1B. tf>77 1 6TfflK5ll'«kO hk-±(:Lt5^ 
50 0 tKSHSSna. Ereffl M^— 7 1 5 ±©&KfiM* 
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-5. 7 0 4(4UV/Oa 7>^T$5. Sie®«lC<fc 



[0 0 6 2J S3E^SaS«k<tR2l$-ttSfcJi) 



[0 0 5 5] 7 1 7Wiit) ; E-^TSl©I@om^ TtSjU^gSttapLTJ: 0MS«fc^«^l*fTP ^ tht 

(btemmmmmznzt. mtiztm^v K7 i o\z teiBS«icv'j^»-5«e-ici±. yu* 

iM>i-yi'y MBgWfrbns. £©fl2©IgT" ©JiilECfci&ICD-^lcy 'J £J8jE-rs8Kj6£ttS0l< 

sm>^-/i-> htBfiiiitt, fcfxy^s;^. fiim^ t*< ztb&ym&z. sit, mzoBmwshffim 

[0 0 6 3] a 3 is. <fi©ta»g@^sr^-r^w« 

[0 0 5 6] maxmtisT^ \nm^m weit-**. 0*7 3 or*. (b> ©setter 

•&trxi;5^roraS*^-r'5«fc'5T»n«. 2/U, >:7 (A) *#4L/t^-f yofB&^y kt. MA«3 

4AXI^a<gUBSn-5. H^ESSnfcttfHStt- 60dpi 6 4X2seg©-f>^v'x>vhfB&'\^ 
tt. ^3©Ig(D@{bJ!! ! a^fTt)n5««^it'&lCjK2l 7 3 0Y, 7 3 0M. 730C, 730BK 

St!*. H^T. 7 0 5ttUVfigW5>^T*5. Y HID-) . M (Ws?) . C (v-7» , B 

[0 0 5 7] UV7>yroBgStlC±rjT^^U & (75 y*) ©£ 1 fifcitH" (A) S^-rS's 

IBS*}(Z)^sec-rpItBtt*^-5ft:*, yHT<&5. 7 3 0 YTl'xn— Rtf^ (A) SEP 
3-;UH7^^^-, y-^ft C!JU:0**ig # ¥Lfc«. 7 0 5©UV7>y"t«t0UVmW^ff^. 

[0 0 5 8] «±© 3 tJ©ffiaig*igfcttiBe« (IS -5. 

®H#S#-r«>l3®ij) tt, ^;i/hn>^7-7 0 2b [0 0 64] 7 1 70210^-^T. JKSIhV-7 1 5 

IDD-77 2 lS^lTXh5/*-7 1 9CJK2IS ±OftgB®»7 0 1 (i^©e©Hl?*ff *0 7 

n. a>H7-7 1 8icj;t>Tm^fi:siciR*flans. 3 om<d<{ >>?~?*y hm&^v ^mtc^wtmtiti 

[0059] 0^L&wic*v»Ttt, ttia®«7 0itt s. 9m uv7>y7 o 5ic±o. -i>t?&w&m 

SftffiM*©*)©^****. Cin£8$|-f* hU-ttftlB &V>T7 3 0C. 7 3 0Bt< 7 

S»©^iKlC^Tl?5«J:5lc3SS:iSfli5Sn5. m*. toil 7-©H«>W&£3*lS. -e©ffi©Sfiffl*iKWtt0 

EKlcjRf .fcS&X'S— tJ— 8 1 l^SfflViSii: 2a®mtm&?$>z. 
T-Rffitt©fitB®#7 0 l^©ffigU;:fcmT*f8i& 50 [0 0 6 5] 02*«fci;S3ttlfiXtt4feBl^lCU 

5. £©gBtttt§E»*f©Jit*fc&i;TSa&^s/ VflattSfroT^S**. -f >**-h'J *j =>mzx#v 

F£Ki2®#©H»^£®i©E«*il&TS#g:£:fr NUV7>y*SBUv 1 AXStCU VflgWUTfe^* 

LT^5J:irt*3£U>. . fc>fttr> (*0jfc) . 

[0 0 6 0] *fc. mi©Xe^3©lSfc*5lt*iD [0 0 6 6] 

s«HiEfl2Sffiii-rsfc*»ctt. hi~\zt-f>-m<DMm mmm] skT\z&famzmfT*mwz&#mzistw 

m\zm-fx. mx.\i&mGttt&&mmmzm fa. 

fSLT*5<Ci:T, S*$ft©*^tk«W*S©tti3® [0 0 6 7]gJSWl 

#©ffistcTfcjn^*ss5J&TS»*wfesaa**wiBt &.T\z^r^fs.m^ (mmit) ©-f 
**. ffiatt4 u (b) S4as^t 

[o 0 6 1] fcfc, ttis®»icinii»ffl3asff^fcKic. 40 &. 

^5g(C«koT^fetCfi^*t4i;, i5®©i@#|$]Rl«3! [0 0 6 8] (A) 

o#isj©i*n*t£i;, E^H^-cwex^©^^* t^u^/t- (* n iox 

D-<X©XW^©raS*ie5«'&ICtt. WAtfBI5t^ * 6 0% 

■r&5\z> ttiB®«9 o i ©@«^ffl©^ffifflssm 'fyy*nt;;i/7Ji'3-;u 3 ox 

9 0 2TtfcfllU liUS (Amp) T*g<@ [0 06 9] (ft) 

t, ^nSA/D3>A-^- (A/D) "CrVirMt * 1 : A-TMPT- 3 EO (SrWft^ (tt) ffi 

>y H 9 1 0 9 0 3^m#^i£9» lEh^mWiZ [0 0 7 0] (B) 

Sf2®*t£-fe2/hTSS«fc5»^PIS'rS->XxASffl^ 50 (* 2) 8 OX 



K®0. ffi!5®«©fi:H*^lc{gKU, ^-©fiHHJ;t5 
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[oo7i] (a) 

* 2 : ->7> (®<SJ« 
1 u e 15:3) 

THf >$> (mn% : C. I. Pigment Red 
12 2) 

•fID- : C. I . Pi gmen t Yell 

ow 74) 

*&ttt&fJ!g : X^k> ■ 7* 'J;U8#a£# fifi¥i^ 
#^fi7 0 0 0 

gi$/*i§ttMf /*= 10/3/63 (1 

* 3 : /-fy>ET- 1 5 0 E 10%aq 

[0 0 7 2] m^C-f^^ (A) , (B) 

~5cps-cfeofc. cne.ro'f >ir*mto, We'd— 
■i >9<omw&fc<r) } mm*.. -<yv (b) o-fin— -r 

>t>. ->7>"f>!7, v-i?>^-f>i7. f^i/my 
-f>* (A) ©KDfTStafr^L, fO«6 01CT 

A, 5-f >XfcT-Hl 0m/#-p«*3Mr adf^ 

[0 0 7 3] Bi^sftttjyf-e. W?feroi5tiitt, 

y-^*»*. l%£8S*igi& *->U>lC#5»ffl§ 

tkhtcifiMifitiz ztutefr-Drc. xc-rt>Tt>»i*»n 

[0 0 7 4] s£8S0«2 

fc. fcfc'U 4&<D-f >^<&SJIWLfc«lC, 6 0*0. 2 
»H©tt**frtto&*. (A) TBUWfcfrfc 

[0075] #5nfcBiBd«itt*JS^i s^ic 

£>2 (A) 

7i"j;i' ; E/-7- 

(NKIXrM- 2 0 0, SrWfc^ («c) 

[00833 $mm8 

$mm<M>>7 (a) i ooasgBicttwtai&a&ai 

(I RGACURE2 9 5 9, */W*-a» *3 

afigB^jn^.fcfc<o£-f>^ (a) tu cnsfflK 



1 +vU>lC&5^(«Smb/c^ 

tz. 

[0076] mm®i3 
fc. 

-f>£ (B) Hid-) ->-(>{; (A) —f>£ 
(B) (v-tf>^) -- f (A) f>£ (B) (-> 
7» -- (A) -*^f>i7 (B) (77S/f) -M" 
>j> (A) „ 

[0 0 7 7] §-i>5 (A) ©Bi^fifcigtt. 

£ 3 o#raff&t5&. fs&nfcfcrossiism tm-o 

®fcU fcH«©t»*frfcoTfciliWltt5S 
[0 0 7 8] Hffi«aj4 

mmm 1 <zh >^ <a) 100 aaffiic** L#a-&BB» 

m (I RGACURE 2 9 5 9. 3V\*;tH £ 
3afi6?Jn^fcfc©S:'1'>^ (A) <hU dro-f>^ 
(A) Sffl^T, ^m&MS£Mk&»£U H« 
ICffi^bfc^ B*MM8»*fTfcofc. BSWfittl 0 J 

[0 0 7 9] m&WS 

4<n-i>f (a) sffiv^. m^t>i2tm-^mr 

[0 0 8 0] *JS096 
^JSM4<D-f >i/ (A) tfcffll^ *SS0!l3t^0* 

arenas sjg&u mmznt®iLtc'&. mmm4tm- 
n&. 

[0 0 8 1] 111(6^7 

-f>? (A) tUTKT©ffi^ffl*>©Sffl^, §liS0!l3 
[0 0 8 2] 



1 0% 



50 



6 0% 
3 0% 

[0 0 8 4] jttsseu 

^!S«ailRt;mSea|3©'f >^ (A) t-f>i; (B) & 
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a*. ^tmmzV)vvcL. ^^©ffrSfltTt-r+it 

Lit. 

[0 0 8 5] Jt&0J2 
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